INTRODUCTION
The effect of shock compression on ilmenite i• of importance on the moon because of the apparent ease with which characteristic deformation elements are induced by meteorite impact and because this mineral is the isotype of the highpressure phase of the pyroxene component of the earth's mantle. Although ilmenite is only a minor rock-forming mineral, making up some 10% of certain mare basalts, characteristic shock-induced structural damage results from shocks with amplitudes as low as •75 kbar [Sclar et al., 1973; Minkin and Chao, 1971 ] . Furthermore, the observation of pseudobrookite and rutile in the heavily shocked Ries crater glass [El Goresy et al., 1968] indicates that ilmenite may break down into oxides as the result of shock-induced high-temperature oxidation.
In addition to simple breakdown into oxides a series of structures into which pyroxene and other A+2B+408 compounds may transform under shock, static high pressure, or lower mantle conditions have been investigated by Ringwood [1970] and Ringwood [1969, 1975] . The research which this group has carried out on Ge +4 and Ti +• analog compounds suggests that the following possible polymorphic sequence occurs with increasing pressure: pyroxene-garnet(majorite)-ilmenite-perovskite. The high-pressure Hugoniot data for pyroxenes and garnet [McQueen et al., 1967b; Ahrens and Gaffney, 1971; Graham and Ahrens, 1973] and their interpretation both in terms of these polymorphs and in some cases in terms of the possible transformation of Fe +2 from the high-spin to low-spin electronic configuration have recently been reveiwed by Davies and Gaffney [1973] . Although the pyroxene data suggest that this mineral undergoes successive transformation through the above series, the association of density-pressure states along the Hugoniot with specific polymorphic forms, other than pyroxene itself, is still unclear.
Liu et al. [1974] have reported high-pressure X ray diffraction data for magnesian ilmenite (II•6Gk4•Hmxs) to 275 kbar at room temperature, a finding which supplements the earlier approximate bulk modulus measured for ilmenite (1.8 Mbar) by Bridgman [in Birch, 1966] . Recently, Simakov et al. [1974] have also reported several Hugoniot data extending to 1.3 Mbar for an ilmenite with an initial density of 4.75 g/cm a, and Copyright ¸ 1976 by the American Geophysical Union. Liu [1975] has carried out two diamond-anvil laser recovery experiments (from •140 and •250 kbar) on a magnesian ilmenite having a composition similar to that of thee samples previously studied.
The present study of the shock compression of ilmenite is motivated both by a need to provide a Hugoniot curve for interpreting the impact effects on this mineral and by a need to provide new data on the possible phase changes of high-pressure forms of pyroxene. (Table 1) , values which are close to the density of ilmenite (4.79 g/cm3).
The Hugoniot data were obtained by projectile impact with 2.5-mm-thick plates of tungsten, 2024 aluminum, and tantalum, and the resultant shock and free surface velocity were recorded by a streak camera . Standard Hugoniots for the driver and flyer plates are taken from work of McQueen et al. [1970] . In most cases the Velocity of a•single shock through the specimen and the corresponding ilmenite free surface velocity were determined. However, in later experiments, in an attempt to reach higher pressures, the initial shock wave was reflected back through the sample by a flat tungsten plate (3 mm thick) placed against the upper specimen surface (Figures 1 and 2 ). In these experiments (Table 2) the shock state corresponding to the direct wave was determined as it had been before, while the reflected-shock state was computed from the shock velocity and/or the free surface velocity of the upper tungsten plate. Although the reflected-shock data show a large amount of scatter (Figure 3) , the data obtained from the tungsten shock velocity and the tungsten free surface measurement are consistent. This indicates that the flyer plates used in these experiments were sufficiently thick (3.75 mm) 
RESULTS
The results given in Tables I and 2 Another interpretation of these results might be proffered on the assumption that the stresses are, contrary to the usual assumption, far from being nearly hydrostatic. (Only the shock stress perpendicular to the shock front and not, in fact, the hydrostatic pressure can be derived from these experiments.) Hydrostaticity appears likely, however, for pressures much above the Hugoniot elastic limit, which for a mechanically weak crystal such as FeTiO8 may be only a few kilobars.
We note that in the case of sodium chloride, which is certainly a very weak crystal mechanically, the H ugoniot data [Fritz et al., 1971 ] for the single crystal indicate that the transformation from the NaCl-type to the CsCl-type structure occurs more readily for compression along the (l l l) direction than along the (100) directicn. In this case the differences in the Hugoniot, as measured by shocks propagating along different directions, • Less certain data. The data for magnesian ilmenite [Liu et al., 1974] demonstrate that under presumed hydrostatic conditions this mineral is nearly twice as compressible along the c axis as it is along the a axis. Although this result superficially looks like ours, it does not imply that large stress differences are supportable under shock conditions. M oreover, no phase changes are reported in the X ray patterns to 275 kbar.
In an attempt to determine the pressure-density data for a presumed high-pressure phase above the mixed phase region, which apparently extends to at least 600 kbar, the reflection method was employed. This technique greatly increases the experimental uncertainty, primarily because the tungsten Hu- As is shown in Figure 3 , our reflected shock data are consistent with the 1300-kbar datum of Sirnakoo et al. [1974] and agree with the expected densities for this mixed oxide phase. However, a separate perovskite phase cannot be discerned in the mixed phase region, possibly because this transformation is not rapid enough to go to completion before the inception of the second phase change or because this first transformation is not completed along the single-shock H ugoniot. The apparent observation of shock-induced disproportionment implies that chemical disproportionment can occur within the microsecond time scale of shock experiments. Finally, with regard to impact effects on ilmenite we have carried out a simple waste heat calculation of the postshock temperature achieved by ilmenite shock perpendicular to the c axis (Table 3) . These values were calculated upon fitting the three data points below 315 kbar (and the zero-pressure point) to a Birch-Murnaghan equation which yields an apparent bulk modulus K = 2.3 Mbar with an assumed value of (dK/dP) = 4. The temperature increases calculated are considerably below those required for melting (1470øC).
